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• Particle total number concentration (TNC) does not always reflect variations in traffic 14 emissions 15
• Primary and secondary sources contribute in a seasonally variant and quantifiable way 16 to particle number concentrations in Leicester. 17
• New particle formation was a significant contributor around midday to TNC in the 18
Leicester urban atmosphere. 19
• In the Leicester urban atmosphere ultrafine particles are predominantly formed from 20 secondary sources. 
Introduction
The mass concentration of equivalent black carbon (eBC) was measured by a Multi-angle 159 Absorption Photometer (MAAP Thermo Scientific model 5012) for the whole period (Petzold 160 et al., 2013). The MAAP determines particle light absorption due to the light transmission and 161 backscattering at two angles of particles collected on the filter tape (glass fibre type GF10). 162
The eBC mass concentration is calculated using a constant mass absorption cross section of 6.6 163 g/m 2 . 164
Nitrogen oxides were also measured by a Thermo 42i NO-NO2-NOx monitor. This monitor 165 uses chemiluminescence technology to measure the concentration of nitrogen oxides in the air. 166
It has a single chamber, single photomultiplier tube design that cycles between the NO and 167
NOx mode. 168
Meteorological data (temperature, relative humidity, solar radiation and wind speed and 169 direction) were provided for 2014 by the Air Quality Group from the Leicester City Council. 170
The station is located 4.9 km away from the AURN urban background monitoring site, and the 171 meteorological data for 2015 were measured at the AURN site. 172 173 174
Data processing and analysis

175
The raw 10 min-data were validated by screening for irregularities and removing data collected 176 during instrument errors and maintenance periods. All validated data were subsequently 177 aggregated to 30 min intervals. Data analyses have been carried out using the Open-air software 178 package (Carslaw, 2015; Carslaw and Ropkins, 2012) using R software (R Core Team, 2015) . . According to these results it can be concluded 219 that ultrafine particles (particles < 100 nm) were the dominant particle size range. The annual 220 average levels of the other pollutants as shown in Table S1 are comparable to The annual patterns of NOx, CO, eBC, and PM2.5 are comparable  223 to one another, with the highest levels occurring in the cold season and the lowest in summer 224 (see Figure S1 ). The cold period average concentrations were larger by a factor of 1.5, 1.3, 225
1.35, and 1.3 with respect to the warm mean value for NOx, CO, eBC, and PM2.5, respectively. 226
The highest levels of these constituents in the cold season are attributable to emissions from a 227 variety of sources including traffic and an increase in domestic heating, for example from wood 228 burning as reported in recent study at this site (Cordell et al. for 2015 is shown in Figure S2 . TNC average concentrations were slightly lower at the 246 weekend (7500 # cm -3 ), than working days (8400 # cm -3 ) (see Figure 3) , indicating that the 247 pollutant levels were influenced not only by anthropogenic emissions (such as traffic 248 emissions), but also could be associated with local or regional non-anthropogenic origin 249 sources. Moreover, PNC size range concentrations showed a weekly cycle (see weekends. This is probably related to decreased traffic emissions during weekends. The weekly 256 cycle of gaseous pollutants (NO, NO2, NOx, CO, O3), and PM2.5, concentrations at AURN site 257 are shown in Figure S2 . All pollutants, except ozone, showed a similar pattern with a minimum 258 at weekends, especially on Sundays. However, on Sundays O3 concentrations peaked, due to 259 the so-called O3 weekend effect (Larsen et al., 2003) . The daily cycle of PNC (five size bins) showed a similar variation to the traffic related 291 pollutants such as eBC and TNC as shown in Figure 5 . During the cold period, the diurnal 292 variation of PNC (mostly UFPs) had two peaks which followed the morning and afternoon 293 traffic rush hours. However, like the other parameters measured during warm period the daily 294 cycle was weaker and the evening peak was not clearly observed. There is a notable difference 295 in the diurnal cycles of PNC20-30 (red line) during the warm season. PNC20-30 shows another 296 peak at midday, as recorded for the TNC. Those particles can be attributed as the small particles 297 from NPF (Hama et al., 2017b). 298
Levels of the gaseous pollutants (NO, NO2, NOx, O3), monitored at the AURN site were 299 predominantly influenced by vehicle traffic emission, evolution of the mixing layer, and 300 meteorological conditions. Figure S3 shows the diurnal patterns of the atmospheric gaseous 301 pollutants (NO, NO2, NOx, and O3) for the year 2015. It can be seen all the gaseous pollutant 302 peaks (except O3) followed the diurnal variation of vehicular traffic emissions, with increasing 303 levels of the gaseous pollutants measured in the morning rush hour (high traffic intensity, poor 304 dispersion), which then decreased during the day, owing to atmospheric dilution effects, before 305 increasing once more in the evening rush hour. Finally, it can be concluded that particle number 306 concentrations are influenced by primary and secondary sources in Leicester (see Section 3.3 307 for more detail). 308 has been analysed at the Leicester AURN site using the methodology described by Rodríguez 315 and Cuevas (2007) . The correlation between TNC and eBC for four different time periods of 316 the day (07:00-09:00, 11:00-14:00, 17:00-20:00, and 00:00-04:00) is shown in Figure 6 . The 317 selection of these time ranges are based upon the diurnal variations of TNC and eBC, which 318 are mostly governed by traffic emissions and atmospheric dynamics in the Leicester urban 319 environment. At any time of the day, the TNC versus eBC scatter plots clearly showed two 320 defined linear cut-offs with slopes S1 and S2, representing the minimum and maximum 321 TNC/eBC ratios, respectively (see Figure 6 ). S1 represents the minimum TNC/eBC ratio, 322 which is interpreted as representative of the primary particles, mostly from vehicle exhaust 323 emissions. S2 is the maximum TNC/eBC ratio (see Figure S4 ), which is interpreted as arising 324 predominately from secondary particles, mainly from NPF during the dilution and cooling of 325 the vehicle exhaust emissions in the urban environment (Rodríguez and Cuevas, 2007) . Table  326 2 shows the values of slopes S1 and S2 found at different times of the day. During the morning 327 rush hours (07:00-09:00), when the NOx peaks, owing to vehicle exhaust emissions, values of 328 S1= 2.53×10 6 particles /ng eBC, and S2= 2.85×10 6 particles /ng eBC were obtained. The 329 S1value found at the AURN site (see Table 3 ) was higher than values found in Hyytiälä and 330
Nanjing. It is comparable to values found in some cities (London, Lugano, and Bern). However, 331 the S1 value is lower than values obtained in Milan, Huelva, Santa Cruz de Tenerife, and 332
Barcelona (see Table 3 ). It should be noted that the greater values of S1 in earlier studies were 333 influenced by the selection of the CPC model used, as the higher the cut size of the CPC 334 monitor the lower the N/BC ratio (Reche et al., 2011) . Another variable is the distance of the 335 sites from fresh traffic emissions. In addition, the size of the eBC cores might be smaller than 336 that from regular from traffic emissions. This behaviour is observed when points occur below 337 the line S1 as shown in Figure 6 . The size of eBC is generally smaller from fresh traffic 338 emissions compared with that from other primary particle sources (Bond et al., 2013). A small 339 size of the eBC core in primary particle sources is likely to increase the S1 value (Kulmala et 340 al., 2016) . The diameter of eBC core can be found by application of Eq.1 assuming that the 341 core is spherical: 342
Where is the core density. The density of non-volatile components of diesel soot is about 346 1.7-1. . By using the core density and the value of 347 S1 (07:00-09:00) in Table 2 , the diameter of the eBC core was found to be in the range of 75-348 96 nm at the AURN site. This result indicates that eBC and UFP are co-emitted by the vehicle 349 fleet and they show a high degree of correlation. This shows that eBC and UFP are externally 350 well mixed at this site in Leicester. This result is consistent with the general knowledge 351 regarding eBC particle size at urban background sites (Schwarz et al., 2008 Where, S1= 2.53×10 6 particles/ng eBC (see Table 2 ). N1 is the minimum primary emission of 365 vehicle exhaust which includes "those components directly emitted in the particle phase" and 366 Table 4 ). However, the N2 pattern follows the O3 daily evolution and wind speed (Figure 7c,  378 with the maximum at midday (N2= 62%, Table 4 ). The daily pattern of N2 is significantly 379 different from that of N1, as shown in Figure 7a , and also from the PM2.5 diurnal variation (see Figure S5 ). This behaviour of N2 might be linked to the NPF events at midday at AURN site 381 (for TNC) the highest concentrations occurred around noon linked to the NPF at AURN site 423 (described in detail in section 3.1). To confirm this behaviour, the relationship between N1 424 and N2 and wind conditions are presented in Figure 10 (a-b) . Figure 10a shows the highest N1 425 concentrations occur with winds from north-west. In addition, it can be seen high N2 426
concentrations of N1 are observed during morning and evening rush hours (see Figure 10b) . 427
This behaviour indicates that N1 is affected by primary sources such as traffic emissions. In 428 the case of N2 (Figure 10c is associated to those processes leading to increase the TNC/BC ratio, i.e. enhancement in NPF 458 rates owing to increased nucleation and/or growth rates to limit sizes (≥ 7 nm in our case). The 459 maximum contribution of N2 to TNC was found around midday (11:00-14:00), where it was 460 about 62%, when low eBC and high O3 levels were recorded. Moreover, the majority of 461 particles were expected to be of secondary origin. Cordell, R.L., Mazet, M., Dechoux, C., Hama, S.M.L., Staelens, J., Hofman, J., Stroobants, C., 523
Roekens, E., Kos, G.P.A., Weijers, E.P., Frumau, K.F.A., Panteliadis, P., Delaunay, T., Wyche, 524 K.P., Monks Hama, S.M.L., Cordell, R.L., Kos, G.P.A., Weijers, E.P., Monks, P.S., 2017b. Sub-micron 554 particle number size distribution characteristics at two urban locations in Leicester. is 00:00-01:00 h running through the day to 23:00-24:00.
